Introduction: In the scientific literature, there is very limited empirical information on end-of-life issues after stroke in the scientific literature. The present nationwide study describes the circumstances surrounding deaths that occur within a year after a stroke. Patients and methods: Datasets from three nationwide Swedish registers (on stroke, palliative care and cause of death) were linked. Basic information was available for 42,502 unselected cases of death that occurred within a year after a stroke and more detailed information was available for 16,408 deaths. Odds ratios for characteristics of end-of-life care were calculated by logistic regression. Results: In the late phase after stroke (three months to one year), 46% of patients died in a nursing home, whereas 37% of patients died in a hospital after readmission and 10% of patients died at home. Eleven per cent of deaths were reported as being unexpected. A next of kin was present at 49% of deaths. The frequency of unattended deaths (neither next of kin nor staff were present at the time of death) ranged from 5% at home with specialised home care to 25% in hospitals. Discussion: This is, by far, the largest study published on end-of-life issues after stroke. Major differences between countries in healthcare, community services, family structure and culture may limit direct transfer of the present results to other settings. Conclusion: There is considerable discordance between presumed 'good death' late after stroke (dying at home surrounded by family members) and the actual circumstances at the end of life.
Introduction
In most countries, advances in acute stroke care, rehabilitation and secondary prevention have resulted in reduced stroke mortality over recent decades. 1 However, stroke remains one of the leading causes of death and is the underlying cause in approximately 1 in 10 deaths worldwide. 1 Because stroke is one of the most common causes of death, it may seem paradoxical that so little empirical information related to end-of-life issues after stroke is available in the scientific literature. Respiratory distress and pain have been identified as the most disturbing symptoms at the end of life, and symptom control at the end of life has been reported as insufficient. [2] [3] [4] [5] It is a common perception that people prefer to die at home with their family members present. [6] [7] [8] [9] In the present study, we hypothesised that there is considerable discordance between this presumed 'good death' and the actual circumstances at the end of life late after stroke. We have related the place of death to key issues at the end of life during the first year after stroke with special emphasis on unaccompanied death, i.e. dying without any next of kin or member of the care team present at the time of death. This study used datasets from three nationwide Swedish registers. Basic information was available in 42,502 unselected cases of death after stroke, and more detailed information was available for more than 16,408 deaths.
Methods

Data sources and study population
Information from three major databases, the Swedish Stroke Register Riksstroke, the Swedish Register of Palliative Care (SRPC) and the national Cause of Death Register, were linked using unique personal identification numbers. Immediately after linkage, the combined database was de-identified by removing names, personal identification numbers and addresses.
Riksstroke is a national hospital performance register in which all hospitals admitting acute stroke patients in Sweden participate. Riksstroke covers an estimated 94% of all acute stroke patients treated in Swedish hospitals. A description of the register, information on coverage and details on what information is collected and its validity are available at the Riksstroke website (see http://www.riksstroke.org/eng/ and Riksstroke 10 ). The SRPC is a national quality register of the care of patients during the final week of life regardless of age, place of care and diagnosis (deaths that do not involve formalised palliative care are also covered). 11 The registry includes data on place of death, symptoms, treatments and other circumstances during the final week of life. An English version of the items covered by the registry is available in Lundstrom et al. 11 In 2016, the database covered 64% of all deaths in Sweden. 12 The coverage varied between counties from 52% to 76% with no obvious geographical pattern. 12 The coverage of stroke deaths is reported in the Results section.
The Swedish Cause of Death Register, managed by the National Board of Health and Welfare, has covered an estimated 99% of all deaths in the country. 13 The Board adheres to the ICD-10 rules and guidelines for mortality and morbidity coding.
14 A single underlying cause of death is recorded. For instance, if a physician records a complication to acute stroke, such as pneumonia, as the immediate cause of death, stroke is still recorded as the underlying cause of death, and this has been used in the present study. When acute stroke diagnoses recorded in the Cause of Death Register were validated, the positive predictive value was 78%. 15 The primary analyses in this study include all stroke patients (ICD 10-codes: I61, I63, or I64) 18 years that were recorded in Riksstroke from 2007 to 2014 and who died within a year of the index stroke. The index stroke could be either a first-ever or a recurrent stroke event, but each individual was included only once. For description of place of death in relation to time after stroke, only patients recorded up to 2013 were included, permitting a minimum follow-up time of one year.
Data from the SRPC were used to describe details of end-of-life care. This included the care team's assessment of whether the death was expected or unexpected, whether intravenous fluids and tube feeding were used at the time of death, whether the place of death complied with the last request stated by the person, date that the last examination by a physician before death was performed, and the presence of next of kin and/or staff at the time of death.
This study was approved by the Umea˚Regional Ethics Review Board (No. 2015-247-32M).
Variable definitions
In Riksstroke, diagnoses of previous stroke and diabetes were based on medical records and atrial fibrillation from a previous diagnosis or atrial fibrillation from a new detection during hospital care. Hypertension was defined as being on antihypertensive treatment.
In the SRPC, next of kin included family members, a partner, relatives, close friends and neighbours.
Information on time from index stroke to death was obtained from Riksstroke (which updates its information on survival using the Population Register at The Swedish Tax Agency once a month) and information on underlying cause of death and place of death was retrieved from the Cause of Death Register.
Statistical methods
Differences in continuous variables were analysed using Student's t-test, and categorical variables were analysed using the chi square test. Differences in end-of-life care and the presence of others at the time of death were analysed using logistic regression. Information on the presence of others at the time of death was missing in 3.1% of patients; no other variable exceeded 1% of missing data. Missing data were excluded from the analysis. Statistical analyses were performed in IBM SPSS Statistics version 24.
Results
Characteristics of patients
During the years 2007-2014, 201,969 patients were recorded in the Riksstroke register. During the same period, there were 42,502 deaths recorded within a year after the index stroke (one-year case fatality: 21%).
Of these deaths, information on end-of-life care was available from the SRPC in 16,408 patients (39%).
The characteristics of the patients who died in the first year after an index stroke are shown in Table 1 .
There was a modest female majority, and the mean age at death was 82.3 years. The proportions of first-ever and recurrent stroke were 76% and 22%, respectively (2% missing information). There was considerable comorbidity with atrial fibrillation, diabetes and hypertension. Table 1 also describes the characteristics of the subpopulations with and without detailed information from the SRPC on end-of-life care. Patients recorded in the SRPC had a similar age distribution and a similar comorbidity pattern as the entire group of deceased patients. Because of the large number of patients, several differences in clinical parameters were statistically significant. The proportion of patients who died in the hospital was lower, and the proportion who died in a nursing home was higher among patients recorded in the SRPC than in the total cohort.
The underlying causes of death according to the Cause of Death Register are shown in Supplementary  Table 1 . Over the first year, 54% of patients reported cerebrovascular disease as the underlying cause of death and 29% reported another vascular disease as the underlying cause of death.
Where do stroke patients die?
During the first year after an index stroke, the majority of patients died in the hospital (62%). As shown in Figure 1 , although the proportion of patients who died in the hospital declined during the first year, this proportion was as high as 36% in the three-month to one-year interval after an index stroke. After an index stroke, only 63 of 42,502 patients (0.1%) stayed in the hospital for more than 90 days, including geriatric wards, indicating that nearly every in-hospital death in the three-month to one-year interval occurred after re-admission. At more than three months after a stroke, 46% of patients died in a nursing home. The proportion who died in their own homes increased along with increasing time since first-ever stroke, but even in patients who died late after stroke (three months to one year), the proportion was low (9%). Very few patients died in palliative in-patient care.
The mean age of patients who died in nursing homes (85.6 years) was 4.4 years higher on average than that of patients who died in the hospital (81.2 years) and was and was 6.4 years higher than that of patients who died in their own homes (79.2 years).
Patient characteristics and end-of-life issues Table 2 shows selected characteristics of end-of-life care in relation to place of death, according to information in the SRPC. One caveat is that there were a high proportion of patients with no information available for some of the variables; for these patients, the proportions shown should be regarded as minimum estimates.
Of the patient deaths, 10-12% were found to be unexpected, regardless of whether death occurred in a hospital, a nursing home or at home. The proportion of patients who died in the hospital for whom 'yes' was reported on the question 'Did the place of death comply with the request last stated by the person?' was only 6%, mainly because the patient's request was not known. This proportion was much higher in patients who died in nursing homes (39%) and was even higher in patients who died at home (78%). The 95% confidence intervals of odds ratios for the different places of death were non-overlapping.
Although intravenous fluid supply or tube feeding was relatively common during the final days of life in patients who died in the hospital, these procedures were uncommon in patients who died in nursing homes and were even more uncommon in patients who died at home (Table 2) .
Of patients who died in the hospital, 1% was not examined by a physician in the week preceding their death. The proportions for patients who died in nursing homes and at home were 22 and 25%, respectively (Table 2) .
Unattended death
Overall, a next of kin was present at the time of death in half of the cases; however, the presence of a next of kin declined markedly with increasing patient age, but the presence of a staff member increased with patient age (Table 3) . The proportion of patients who died without any other person present (unattended death) was 20%, which was very similar in men and women (Table 3) . Unattended death increased with increasing age from 11% for patients aged below 55 years to 22% for patients aged above 85 years. After multiple adjustments in the regression model, the differences were statistically significant between patients who died at <55 years old vs. all age groups 65 years old.
As shown in Figure 2 , the proportion of patients with an unattended death was highest among those who died in the hospital (25%) and was lowest in patients who died with specialised home care (5%). The proportion of patients with a next of kin present was highest in patients who died in specialised home care (90%) and lowest in patients who died in a nursing home (45%) (Figure 2 ). This proportion was considerably higher in patients who were married or cohabitating (59%) than in patients who were single (44%, Table 3 ). The differences were statistically significant in the multiple regression model. Additionally, 30% of single patients had a staff member present when they did not have a next of kin present, compared to 22% of non-single patients. Overall, the proportion of unattended death was higher in single (22%) patients than in married/cohabitating patients (17%).
Sensitivity analysis
In the principle analyses, patients with first-ever and recurrent stroke were analysed together. When key variables in the population of patients with first-ever strokes were analysed separately, there were only marginal differences from those of the entire patient population (Supplementary Table 2 ).
Discussion
The present results show that, in Sweden, the majority of patients who die between one month and one year after a stroke are living in nursing homes and that only 1 in 10 deaths occur at home during this period. In the 3-12-month interval after stroke, more than a third of deaths occur in the hospital, usually after readmission. One in 10 patients who died in nursing homes or at home were not examined by a physician in the month preceding death. The frequency of unattended deaths ranged from 5% at home with specialised home care to 25% in hospitals.
As described in the Introduction section, our study is not the first to assess end-of-life issues after stroke; however, it is by far the largest one. By combining information from several large databases, it was possible to obtain a comprehensive nationwide representation of the subject.
It is commonly presumed that for most severely ill patients, the preferred setting for death is at home in the presence of loved ones with whom they have strong relationships. [6] [7] [8] Studies on patients, family members and healthcare providers have also shown that control, maintenance of independence and respect for the patient's preferences regarding the death process are considered important components of a 'good death'. 7, 16 A recent systematic review of the qualitative evidence showed that most family caregivers preferred home care. 9 If this preference is considered ideal, there is a strong discordance between patient preference and the actual place of death after stroke. The proportion of stroke patients who died at home (4%) is lower than the corresponding proportion of all patients in the SRPC (11% in 2011-2014 12 ). Even late after stroke, only 1 in 10 deaths occurred at home in Sweden. There is also a very low concordance between the preferred and actual sites of death in the US 6 and the UK. 17 The proportion of stroke patients readmitted to acute care in a hospital at the end of life is conspicuously high (36% in the three-month to one-year interval after an index stroke). This may indicate inferior access to high-quality palliative care that ensures confidence in the care provided at home or in nursing homes.
Unrealistic expectations of what can be achieved by acute care interventions in frail patients after stroke may also contribute.
As discussed by Fischer et al., 6 it seems that the more predictable the trajectory (such as in terminal cancer), the higher the concordance between preferred and actual site of death. The trajectories of frail stroke patients often involve stroke recurrences, other acute cardiovascular events or other severe comorbidities, i.e. events that are difficult to predict. This may partly explain why more than a third of stroke patients die in acute care hospitals as late as 3-12 months after the stroke. It is also likely that family resources and community home care support prove to be insufficient in making end-of-life home care a realistic option. It may be that when faced with a highly pressing situation at the end of life, death in an institution may be accepted or even preferred. It should also be noted that in a study based on the SRPC, transition to end-of-life care had been discussed in only 15% of the stroke patients who eventually died, although self-determination was retained until the last days in 73% of patients. 3 As we have previously observed in cancer patients, 18 there is a decline in the presence of next of kin at the time of death with the increasing age of the patient. This decline is partly because fewer decedents have spouses that are still alive. By far, the highest proportion of next of kin present was in patients with specialised home care. Efforts to strengthen family involvement is an integral part of specialised home care, as with other forms of palliative care. 19 Our study has some limitations. In all registers that we used, data were collected during routine clinical practice. Although the coverage is nearly complete in the Cause of Death Register (99% 13 ) and in Riksstroke (94% 10 ), the present data indicate a 39% coverage of deaths within a year after stroke in the SRPC. Age and sex distribution and comorbidity patterns in patients recorded in the SRPC differed only slightly compared with the total cohort of deceased patients. Therefore, it seems likely that the more detailed information in our analyses is reasonably representative of all patients who died within the first year after stroke in Sweden. Patients who died in nursing homes were overrepresented in the SRPC; this would not influence the description of end of life in each of the different settings.
The inclusion of cases in the present study and much of the patient background information was based on the Riksstroke register. This database has been extensively validated, with data quality sufficient for clinical epidemiology studies (for an overview, see Riksstroke 10 ). A validation study of stroke diagnoses in the Swedish Cause of Death register showed a 22% or higher frequency of false-positive diagnoses. 15 Other causes of death have only partly been validated. Our data on cause of death (Supplementary Table 1) should therefore be regarded with caution. The information in the SRPC has been validated. 20 None of the questions with a low congruity between the register and the medical record information were used in the present analyses.
Our results may be valid for the Swedish setting, but major differences between countries in healthcare, community services, family structure and culture make it problematic to directly transfer our results to other countries. In countries with more traditional family roles, institutional care of patients with severely disabling stroke is less common, 21 and it is likely that a higher proportion of deaths occur at home with next of kin present when death occurs.
We conclude that there is considerable discordance between presumed 'good death' late after stroke (dying at home surrounded by next of kin) and the actual circumstances at the end of life. Only a small minority of patients die at home. It may be that when faced with a highly pressing situation at the end of life, death in an institution is accepted or even preferred. Many patients die without a next of kin present; in fact, many deaths during the first year after stroke are unattended.
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